The objective of this review is to highlight the continued exclusion of discussion in the literature regarding alternative causes and proper causality assessment of cases of hepatotoxicity when use of dietary supplements is reported. Though independent experts are working diligently to advance the discussion related to alternative causes of hepatotoxicity resulting in idiosyncratic druginduced liver injury/herb-induced liver injury (DILI/HILI), the literature continues to recite the same cases, such as those presented here, to reiterate potentially biased positions and ignore current, standardized and valid evaluations utilizing the Roussel Uclaf Causality Assessment Method (RUCAM). Several historical cases purporting hepatotoxicity induced by use of dietary supplements are presented in this review to demonstrate how such cases may be improperly assessed due to bias, inconsistent use of causality assessment methods, as well as use of causality assessment methods deemed obsolete. This in essence, delays any true progress in establishing sound criteria to determine and address the actual cause(s) of DILI/HILI.
Introduction
Dietary supplements (DS) are an ever growing sector of healthcare, along with lifestyle and wellness trends, particularly when it comes to weight loss. There is an abundance of information available regarding proposed links between the consumption of DS in general and some specific nutraceutical brands in the development of (DILI/HILI) in patients who take these products. Unfortunately, in the majority of published cases determined to have been caused by DS consumption, alternative causes for the hepatotoxic events were not considered. As a result, there is now a growing trend to reevaluate these reported cases for alternative causes using the more consistent and objective RUCAM causality assessment method in order to determine the actual causative risk factor(s) for the development of DILI/HILI [1] - [4] though it continues to be largely ignored in the literature.
Many individuals who choose to use DS for weight loss are overweight, some significantly so (Body Mass Index (BMI) > 35). It is important to acknowledge that consumers of DS (particularly weight loss supplementation) include a large number of individuals seeking ways to adopt a healthier lifestyle to reverse or negate issues related to being overweight. It is well-known that metabolic compromise and other chronic conditions are not uncommon to these populations and as a result, may render such individuals more susceptible to liver-related complications especially as they pursue weight loss goals and/or make significant changes to their dietary intake. Pre-existing medical conditions such as obesity, insulin resistance and diabetes can be associated with hepatic steatosis and non-alcoholic fatty liver disease (NAFLD). These are disorders which may return certain types of abnormal serology results. In fact, while weight loss can be a necessary component for disease management [5] - [7] , there are health risks associated with any weight loss regimen including lipotoxicity or gall stone formation from rapid weight loss [8] - [10] which can lead to a case of liver injury being diagnosed as DILI/HILI where DS consumption was reported.
In addition, it is possible for an individual to have an individualized immune reaction to a product, the same way one might have an allergic reaction to any food product, such as gluten for example [11] - [13] . This is also discussed in a recent publication which states: "…information collected and described in the literature does not allow speculation about the existence of sensitization in part of the population" [4] . Therefore, the original abnormal serology results and those associated with reexposure that have been reported in the literature may not have been instigated by the consumption of the reported DS, but rather the secondary outcome of a pre-existing medical condition.
As noted in the aforementioned recent publication, an observed issue with some of the reported cases of hepatotoxicity determined to be caused by DS consumption entails insufficient information related to: "patients' history, concomitant use of medication and/or other compounds (including alcohol), observations on discontinuation of use (dechallenge), results found with markers, viral serology and autoantibodies, observations concerning re-exposure to the suspect products, and specifications of product use" [4] . From a clinical perspective this is concerning. Incomplete case evaluations, with no acknowledgement, much less evaluation of preexisting and pertinent risk factors may, at best, bias but also potentially hinder the clinician's efforts to accurately determine the actual causes of hepatotoxicity when consumption of DS are a piece of the patient presentation.
Some of the current issues plaguing meaningful discussion around DILI/HILI and the use of DS include: lack of discussion of alternative causes of hepatotoxicity including liver injury linked to rapid weight loss; preexisting health conditions such as obesity, insulin resistance, diabetes, hepatic steatosis and non-alcoholic fatty liver disease (NAFLD) [14] - [19] (see Table 1 ); disregard of the reassessment of retrospective cases originally concluded to have been caused by consumption of DS but later determined, by independent experts, to have likely been caused by other preexisting medical conditions, use of known hepatotoxic medications, and other factors; and the implication of a DS brand name as if it constituted a single drug, supplement or herb instead of identifying a single DS product or ingredient sold under a particular brand name.
Observation of the published literature highlights a disconnect between the continued efforts to address the Table 1 . Risk factors for the development of DILI/HILI.
Obesity (BMI ≥ 30) [14] Hepatic steatosis [16] Insulin resistance/metabolic syndrome [14] Non-alcoholic fatty liver disease (NAFLD) [16] Diabetes mellitus type II [14] Hepatic viral infection [17] [18]
Cardiovascular disease [15] Use of medication(s) known to be hepatotoxic [19] aforementioned issues in the literature, resulting in the perpetual discussion of the same retrospective cases implicating DS consumption as causative [20] - [23] without regard for the reevaluation of these cases by international experts in hepatotoxicity causation nor consideration for other possible factors that may contribute to DILI/HILI. It is of additional concern that authors of some of the more recent publications around DS use and hepatotoxicity are aware of the discussion of alternative causes and related matters [1] - [3] but continue to choose not to include the information in the progression of the knowledge base in published articles and professional conferences.
Since in the majority of the published retrospective cases alternative causes were never considered and subsequently not addressed, it stands to chance that exposure to any number of agents, DS or otherwise, may exacerbate an already compromised liver. Table 2 presents a representative sample of published cases reporting positive DS reexposure tests (some determined with subjective, outdated and/or debunked causality assessment criteria methods) later determined by independent experts to have possible alternative causes.
In the majority of the cases listed in the table, pertinent information such as liver function test values, viral serology or supportive data for assigning causality to DS use were not reported. In the original reports, factors that are known to contribute to the development of liver injury (e.g. BMI of 25 and greater, pre-existing metabolic, cardiovascular and/or hepatic disease, use of hepatotoxic agents, etc.) were not even considered as causative in the reported events. If these important parameters were taken into consideration at presentation, a more plausible cause for the reported injury would have likely have been determined even in the face of reported positive reexposure tests.
Independent medical experts have questioned the methodology by which these cases were evaluated [1] - [4] . In many instances, these same experts are assigning weaker causality outcomes than were previously determined or completely excluded the use of DS as causative. Certain events also appear to have been more likely associated with pre-existing etiologies amongst these cases (e.g. use of known hepatotoxic medications, viral hepatitis, and alcoholism) [2] [3] .
Lack of consideration for alternative causes of hepatic injury is not the only issue with the cases presented in Table 2 . Causality assessments tools used to evaluate the cases were not consistent across publications. In order to ensure more consistent and standardized evaluation of suspected DILI/HILI it is recommended case reports utilize a structured reporting format like RUCAM. A recent publication reveals: "The [RUCAM] scale is specific and validated for hepatotoxicity, which is not the case for the Naranjo scale, the WHO global introspection method or the ad hoc approach. As these approaches are not specific, and not validated for causality assessment of hepatotoxicity, the author consider them obsolete" [4] . Thus, use of the RUCAM causality assessment tool is currently the only way to achieve comparability from one case report to the next and avoid erroneous conclusions of a causal relationship between a DS and liver disease. The RUCAM tool should also be modified to specifically include consideration of other risk factors such as BMI, a history of rapid weight loss, and hepatitis E infection.
Conclusion
In conclusion, in order to fully appreciate a clinical presentation of DILI/HILI and determine the actual cause of liver injury when consumption of DS is reported, it is important to consider a multitude of risk factors which may provide a more plausible explanation for the reported event (e.g. viral infection, obesity, NAFLD, diabetes mellitus type II, etc.) and to utilize a more consistent causality assessment method. This point has been emphasized in the literature "to detail the conditions of exposure to [DS] under assessment for a full understanding of the risks associated with consumption" [4] . Though independent experts are working diligently to advance the discussion related to alternative causes of DILI/HILI, the literature continues to recite the same cases to reiterate potentially biased positions and ignore current more consistent and objective evaluation. This in essence, delays any true progress in establishing sound criteria to determine and address the actual cause(s) of DILI/HILI.
